We compared the inter-method differences shown by control materials and by patients' sera for the measurement of some plasma proteins in the same pair of analytical systems. Sets of 100 to 110 samples of patients' sera and of 18-19 control materials, including the recently available CRM 470, were assayed with up to five automatic analytical systems, in two different experiments. About 5500 values were produced and assessed statistically. Materials (either patients' sera or control materials) were considered non-commutable (i. e. exhibiting significantly different inter-method behaviour) when their distance from the regression line in a stated pair of methods exceeded 3 standard deviations. According to this criterion, less than 1.5% of the patients' sera, and an even lower proportion of control materials were non-commutable. However, the inter-method behaviour of control materials was usually slightly different from that of patients' sera. Some systematic inter-method difference in the measurements on patients' sera may therefore exist, even though inter-method equivalence has been demonstrated with control materials.
Introduction
Plasma protein measurements show great variability between laboratories (1) , mainly due to calibration problems (1, 2) . The purpose of calibration is to ensure that the results from patients' sera are as close as possible to the "true" value, and that the results from different procedures are as close as possible to each other. In practice, calibration is performed using "materials", mostly provided by industry; for such materials to serve the expected purpose, they have to show inter-method properties comparable to those of patients' sera. This characteristic, known as commutability, was first studied for enzyme materials (3) . Occurrence of non-commutability has been reported for a variety of non-enzymatic components (4-^6).
Here we report the results from two experiments, using different analytical systems, and planned to assess the commutability of a number of commercial control materials for the immunoassay of certain serum proteins. The two experiments involved a variable number of laboratories (two to three), analytical systems (four to five), serum proteins (two to four), and control materials (eighteen to nineteen). The second experiment also included a certified reference material (CRM 470).
Materials and Methods
Different sets of from 100 to 110 samples of fresh patients' serum, covering wide intervals of concentration, were used in the two experiments. A total of 26 commercial control materials, either lyophilized or liquid, were also used (tab. 1). The CRM 470 was obtained by BCR, Brussels (courtesy of Beckman Analytical, Milano).
Immunoglobulins A, G and M (IgA, IgG, IgM) and transferrin were measured in the patients' sera (in duplicate) and in the control materials (four replicates), using five automatic systems, based on immuno-turbidimetry (AU 560, Olympus; and Specific Plus, Kone) or immunonephelometry (QM 300, Kallestad; BNA, Behring; and APS 360, Beckman). Each system was operated with the reagents and the calibrators supplied by the respective manufacturer. Between the first and the second experiment some modifications in the operating protocol of the AU 560 system were introduced, including modified anti-sera dilution ratios, modified sample volume fractions, and new lots of anti-sera and calibrators.
Analytical imprecision was calculated from duplicate results on patients' sera. Mean values from duplicate or quadruplicate measurements were used for further calculations. The inter-method relationship in the measurement of patients' sera with pairs of methods was assessed by means of linear regression, calculated according to the standardized principal component model (8) ; the residual standard deviation was computed as a measure of the dispersion around the line. Results from the AU 560 system were consistently assigned the x-axis, in order to have a common comparison basis for the other systems. For the assessment of commutability, y'-values were computed from each set of x-values (patients 1 sera) using the relevant regression equation; the differences [y-y'] (residuals) were devided by their standard deviation to yield the "normalized residuals". Normalized residuals were also calculated for the control materials. Any material (patient serum or control material) showing a normalized residual outside the ± 3 interval was considered non-commutable (9) . About 5500 single analytical values were produced: none was excluded from statistical calculations. Table 2 shows the within-run imprecision of the five analytical systems at different protein concentration values.
Results
Results of the methods comparison on patients' sera are shown in figures 1 and 2; the statistical evaluation of the inter-methods relationships is shown in table 3.
The distribution quantities (mean, SD, and number outside the ± 3 interval) of the two populations of normalized residuals, from patients' sera and control materials respectively, are listed in table 4; the normalized residuals of the CRM 470 are listed in the table on a separate column.
In figure 3 the inter-method behaviour of the control materials and of the patients' ser^ are compared for some representative pairs of methods. I  I  I  II  I  II  I  I  I  II  I  II  I  I  I  I  I  II  II  II  II   n   Lo   56  55  55  55  51  55  55  52  53  55  43  55  50  46  53  50  56  55  55  55  55   Hi   44  45  45  55  49  55  45  48  47  55  57  55  50  54  47  50  44  55  55  55 inter-method behaviour of control materials overlapping that of patients' sera (diagrams 3a and 3b), and two examples of inter-method behaviour of control materials systematically different from that of patients' sera (diagrams 3c and 3d) are shown. Only two materials (circled in diagram 3d) show lack of commutability, according to the criterion chosen.
Discussion
Casual and systematic inter-method differences in the measurement of some plasma proteins are confirmed by our results ( fig. 1 and 2, tab. 3). Whilst it seems reasonable to speculate that matrix effects and/or molecular heterogeneity are mainly responsible for the former, calibration problems appear to be mainly responsible for the latter (slope values different from 1). As a matter of fact, mathematical manipulation of the results, using CRM 470-derived factors supplied by the manufacturers, has been shown to substantially improve the intermethod comparability of results in the measurement of a number of serum proteins in a sample-group of reference individuals (10) . Previous results on the effect of the calibration procedure (1), and the expected practical impact of the CRM 470 (2) are thereby confirmed.
In this work, by comparing the inter-method behaviour of control materials and of sets of patients' sera over wider concentration intervals, we have assessed the intrinsic characteristic of the "materials" commonly referred to as commutability. According to a previously suggested criterion (9) , most of the materials showed commutable, such a low rate of non-commutability events (< 1.5%) being partly due to'the large variability of the inter-method differences exhibited by patients' sera (5). However (tab. 4), the normalized residuals from patients' sera were distributed as theoretically expected (mean = 0; standard deviation = 1), whilst those from the control materials were distributed within narrower limits (standard deviation < 1) but frequently not Tab. 3 Linear regression analysis (standardized principal component) of the results from systems comparison, in the assay of patients' sera. Results from the AU 560 system were consistently assigned the x-axis, those from the compared system the y-axis. around 0. These data mean that the sample-group of materials shows inter-method changes more homogeneous than the sample-group of patients' sera. Nevertheless, and in spite of low frequency of non-commutability events, the two groups differ from each other in their inter-method behaviour: the CRM is closer to the control materials than to patients' sera. Similar behaviour was shown by the control materials for cholesterol measurement (11) .
These findings suggest that, in most cases, the intermethod differences measured with either a control material or a fresh serum sample are expected to show statistically significant agreement. Nevertheless, when many of the tested materials (including the CRM 470) are used to directly check for (control), or to pursue (calibration) consistency in measurements by different methods, some residual differences may still exist when these methods are applied to fresh sera.
Therefore, transfer of accuracy and accurate inter-method comparison are best performed with protocols that also include direct method comparison on a large series of split serum samples (12, 13) . Alternatively, the commutability of the materials should be verified. Although some of the differences observed between experiments I and II may be due to differences in the sets of patients' sera, it seems that both the inter-method differences and the degree of commutability of the control materials are sensitive to variations in the assay protocol. This further suggests the need for a frequent check of such properties.
